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EVALUATION CF PROSPECTIVE HAZARDOUS WASTE TREATMENT 

MIXED WASTES AT ROCKY FLATS 
TECHNOLOGIES FOR USE IN PROCESSING LOW-LEVEL 

S. C. McGlochlin, R. V .  Harder, R. T. Jensen, S. A.  Pettis, and D. K .  Roggenrhen 

ABSTRACT 

Several technologies for destroying or dcconrami- 
nating hazardous wastes were evaluatcd (during 
early 1988) as potential processes for treating 
low-level mixed wastes destined for destruction in 
the Fluidized Bed Incinerator. The processcs that 
showed promise were retained for further consid- 
eration and placed into one (or morc) of threc 
categories based on projected availability: short, 
intermediate, and long-term. 

Three potential short-term options wcre idcntificd 
for managing low-level mixcd wastes gcncraicd or 
stored at thc Rocky Rats Plant (opcratcd by 
Rockwcll International in 1988). These options 
are: (1) Continue storing at Rocky Flats, (2) 
Ship to Nevada Test Site for landfill disposal, or 
(3) Ship to the Idaho National Engineering Labor- 
atory for incineration in the Waste Experimental 
Reduction Facility. The third option is preferablc 
because the wastes will be destroyed. Idaho 
National Engineering Laboratory has rcceived 
interim status for processing solid and liquid low- 
level mixcd wastes. However, low-level mixed 
wastes will continue to be stored at Rocky Rats 
until the Deparunent of Energy approval is 
received to ship to the Nevada Test Site or Idaho 
NationaI Engineering Laboratory. 

Potential intermediate and long-term processes 
were identified; however, these processes should 
be combined into complete waste treatment 
"systems" that may serve as alternatives to the 
Fluidized Bed Incinerator. Waste treatment 
systems will be the subject of later work. 

EXECUTIVE SUMMARY 

A preliminary evaluation of various hazardous 
waste treatment technologies was performed to 
identify potential processes for treating low-level 

mixed (LLM) wastes stored or generated at the 
Rocky Flats Plant (RFT). The scope of the study 
was limitcd to identifying processcs that may be 
applicablc to onc or morc of the LLM wastes 
scheduled for dcstruction in the Fluidized Bed 
Incinerator (FBI). Additional work will be 
needed to identify alternative treatment "systems" 
comprised of several different treatment processes 
that could be substituted for thc FBI. 

Low-level mixed wastes contain hazardous 
constitucnts (organic and/or inorganic) as defined 
by the Environmental Protection Agcncy and 
transuranic elemcnts in conccntrations of less than 
100 nCi/g. The evaluations wcre dirccted toward 
treatment of four specific LLM waste streams: 
dry combustiblc, wet combustible, plastic, and 
organic wastes. These wastes are comprised of 
plutonium-contaminated solids, low-level 
contaminatcd liquids, and uranium-contaminated 
solids. 

Liquid LLM wastes, comprised primarily of waste 
oils, werc stored in two tanks. However, waste 
production during the last few monthskxceeded 
the capacity of the tanks, and the oil was placed 
in drums. These drums, along with drums 
containing solid LLM wastes, wcre placed in 
cargo carriers for temporary storage. 

The threc primary objcctivcs of the study were 
to: 

1. Identify and evaluate waste treatment 
processes having potential for treating RFP- 
generated LLM wastes. 

2. Project availability of those processes having 
potential for treating LLM wastes: 

Short-term: Operational within one year. 

Lntermediate-term: Operational within 

Long-term: Operational after five years. 

three to five years. 



RFP-4264 

3. Identify short-term treatment options for 
managing W-generated LLM wastes that 
may serve as alternatives to the FBI. 

The initial list of processes was broad enough to 
be a representative cross section of available or 
indevelopment processes for treating wastes. 
The following categories of treatment were well 
represented: auxiliary (e.g., pretreatment), 
thermal, chemical, physical, and immobilization. 
None of the processes were evaluated with the 
intention of supplanting the FBI. In fact, most 
are capable of acting on a limited number of 
wastes. Because of the variety of wastes, it is 
likely that a combined treatment system will be 
needed to replace the FBI. This system must 
treat liquids, wet and dry combustibles, and 
plastics--the same as projected for the FBI. 
However, this report does not recommend a total 
treatment system. Such an evaluation will be the 
subject of later work. 

Table 1 lists the process evaluated. Some were 
not retained for consideration because they lacked 
potential for treating RFP-generated LLM wastes. 
Processes retained for consideration include 
projected availability. Three potential short-term 
options were identified for managing LLM 
wastes, allowing time needed to develop an 
intermediate- or long-term solution. The shon- 
term options are listed below in order of 
preference: 

1 .  Transpon LLM wastes to the Idaho National 
Engineering Laboratory (INEL) for incinera- 
tion in the Waste Experimental Reduction 
Facility. This option is preferred because 
incineration is a destructive technology. The 
facility has received interim status for inciner- 
ating solid and liquid LLM wastcs. However, 
at the time of this report, the Deparlment of 
Energy (DOE) has not granted approval for 
RFP to begin routine shipments of LLM 
wastes to INEL. 

Funher, routine incincration of RFP wastes 
will not begin until a tr ial bum is conducted 
at INEL using 200 gallons of RFP liquid 
LLM wastes. On January 4, 1989, DOE 
granled approval for RFP shipment of wastes 
needed for the test bum. Howcvcr, a 
successful trial bum will not automatically 
lead to shipping LLM wastes to INEL. 
Although the oil wastes could be incincrated. 
installation of an off-gas scrubbing systcm, 
scheduled for 1989, is necded to dcstroy solid 
LLM wastes because of a higher chloride 
Ievel. These two cornbincd factors could 
delay incineration of RFP LLM wastes into 
1990. 

2. Ship the wastes to the Nevada Test Site for 
landfill disposal. The wastes must be 
solidified prior to shipment. Unfortunately, 
solidification constitutes a treatment, and this 

.. 1. 

TABLE 1. Waste Treatment Processes Evaluated 

Auxiliarv 

Calcining 
Water 

Addition 
Mixing 
Shredding 

D e w  tcring 
Filtration 

Pelletizing 

Thermal Chemical 

Rotary Kiln Incinerator (L) 
lnfnrcd Incinerator (L) 
Molten Salts (L) Biodegradation (L) 
Glass Melter (L) Ultraviolet Light/Ozone/Pcroxidc' 
Minowave Melter (L) 
Pyrolytic Decomposition 
(IL) 

High-Temperature 
bolysis (L) 

Fast Rotary Kiln (L) 
Cyclone Incinerator (1,L) 
Supercritical Water Oxidation (L) 
Advanced Electric Reactor' 
Wet Air Oxidation' 
Catalyzed Wet Oxidation' 
High-Temperature Wct Oxidation. 

Aqueous Phasc Alkaline (L) 
Catalytic Dehalogenation (A) 

Electrochemical Metal Removal' 

Phvsical 

Sonification (A) 
Cryogenics (L) 
Supercritical C 0 2  Extraction 

Solvent Extraction (L) 
Fractional Distillation (1,L) 
Steam Stripping (A) 
Evaporation' 
Ion Exchange' 
Reverse Osmosis' 
Air Stripping. 
Activated Carbon Adsorption' 

(J-1 

Immobilization 

Sorption (S,I,L) . 
Lime-Fly A s h  

Pouola nic- 
Pozzolan (S,I,L) 

Portland Cement 
(S,I,L) 

Encapsulation 
(S,I,L) 

Macrocncapsulation 

Thermoplastic 

(S,I,L) 
Petroset I I ~ ~ . s , I , L )  
Envirostone (S,I,L) 

A. Auxiliary 
S. Short-term availability 
1. 'Intermediate-term availability 
L. Long-term availability 
* 

2 

Not retained for further consideration 
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activity must be included with those listed in 
the Part B permit now filed with the 
Colorado Depamnent of Health. Approval is 
expected in 1989, and the permit will not be 
amended to include solidification until the 
approval is received. In addition to amending 
the Part B permit, the wastes must comply 
with the Land Disposal Restrictions effective 
November 8, 1988. These regulations require 
landfilled wastes to meet standards for 
concentrations of hazardous organic com- 
pounds in leachates produced by the wastes. 

3. Continue to store LLM wastes at RFP. This 
is the least desirable approach and, at best, 
only a temporary solution; LLM wastes will 
not be stored permanently at RFP. If wastes 
are stored for a significant length of time, 
additional tanks will be needed to supplement 
storage provided by two tanks currently filled 
to capacity. This would permit storing future 
LLM waste oils in tanks, instead of drums, 
which are then placed in cargo containers. 
Solid wastes will continue to be stored in 
drums. 

INTRODUCTION 

The Rocky Flats Plant (RFP), (operated in 1988 
by Rockwell International), is a generator oflow- 
level mixed (LLM) wastes. The LLM wastes, 
created during production operations, are 
contaminated with material identified by the 
Environmental Protection Agency (EPA) as 
hazardous substances (listed and/or characteristic) 
and transuranic elements at concentrations less 
than 100 nCi/g. The wastes are grouped into 
three categories: low-level plutonium- 
contaminated solids, low-level contaminated 
liquids, and low-level uranium-contaminated 
solids. They are comprised of wet and dry 
combustibles. plastics, and liquid organic wastes. 

Currently. LLM wastes are stored in two 
locations. The first location contains two tanks. 
Unfortunately, the tanks were filled to capacity 
during the last few months. This led to storing 
oil wastes in drums. These drums, along with 
drums containing solid LLM wastes, are 
temporarily stored in cargo camers at RFP. 
Low-level mixed wastes stored or generated at 

RFP will likely be solidified before shlpping 
an off-site facility for burial (if this option is 
selected). Solidification constitutes treahnent, and 
subsequently the Part B permit submitted by RFP 
must be amendcd to account for his activity. 
However, no changes will bc proposed until the 
permit receives rcgulatory approval (expected in 
1989). The projected time frame for approval of 
the permit will affect plar,s for disposal of LLM 
wastes at the Nevada Test Site ( N T S ) .  Thc new 
Land Disposal Restrictions bccame effective 
November 8, 1988. These rcgulations state that 
concentrations of hazardous organic compounds in 
leachates from wastes that are landfilled may not 
exceed the limits listed in Table CCWE of 40 
CFR Part 268, Subpart D. Since wastes will be 
landfilled at NTS, LLM wastes shipped to NTS 
from RFP must also comply with the Land 
Disposal Restrictions. 

Initially, to avoid accumulating LLM wastes at 
RFP, burnable wastes were to be dcstroyed in thc 
Fluidized Bed Incinerator (FBI). However, there 
has been substantial public opposition to this 
plan. A lawsuit was filed by the Sierra Club, 
and an Environmental Assessment is being pre- 
pared for the trial bum to satisfy an agreement 
with the plaintiffs. Colorado Congressman David 
Skaggs assembled a blue-ribbon panel to rcview 
operation of the incinerator. In past years, a 
number of alternatives to the FBI have been 
studied. However, in light of recent public 
concern and to supplement the Enviropnental 
Assessment, this study of hazardous waste 
treatment processes was begun. 

This report discusses potential waste treatment 
processes for destroying, decontaminating, or 
managing LLM wastes at RFP and presents initial 
screening results. The three screening objectives 
were to: 

1. Identify waste treatment processes having 
potential for treating LLM wastes. 

2. Project the availability of the treatment 
processes. 

3. Identify short-term (operational within one 
year) options that may serve as alternatives to 
the FBI. 

None of the promising treatment processes found 
during the initial screening were proposed as 

3 
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substitutes for the FBI; rather, the intent was to 
identify processes that (when combined with other 
treatment processes) will provide suitable alter- 
natives to the FBI. For example, different waste 
forms may require separate unit operations for 
pretreatment (e.g., filtration), actinide removal 
(e.g., precipitation), chlorinated hydrocarbon 
removal (e-g., dechlorination). and sludge disposal 
(e.g., cementation). Excluding the short-term 
options. the screening results are for individual 
treatment processes only. 

LO W-LEVEL MIXED WASTES 

An important aspect of identifying technologies 
for treating wastes is to develop an understanding 
of waste forms to be processed. The FBI is 
capable of incinerating both solid and liquid 
wastes. Furthermore, the designers anticipated 
burning wastes containing high levels of 
radioactive contamination and included 
contamination-control features. 

LLM waste is the category of immediate concern; 
however, future emphasis on hazardous wastes 
could easily extend to other forms of mixed 
wastes. This section identifies some physical and 
chemical characteristics of LLM wastes needing 
treatment. 

Candidate FBI Wastes 

Characterizing FBI waste streams was difficult 
because of lack of consistent information. 
Severd sources were reviewed, including an assay 
of the waste oils from one storage tank, the feed 
estimates in the test bum plan for the FBI, and 
waste operations records and reports. However, 
the records describing characteristics of the wastes 
are sparse. Furthermore, a major effort to reduce 
output of hazardous wastes on plantsite is under 
way, and the volumes of wastes generated have 
not remained constant. 

Categories 

There are three types of LLM wastes proposed as 
feed material for the FBI: low-level plutonium- 

contaminated solids, low-level contaminated 
liquids, and low-level uranium-contaminated 
solids. Solids are comprised of wet and dry 
combustibles and plastics. Wet or dry 
combustibles include items such as paper, cloth, 
wood, and less than 50% plastic. Wet 
combustibles must be drained to prevent the 
accumulation of free liquids in the storage 
containers. Plastic wastes are defined as Teflon? 
PVC sheeting, supplied air suits, and other 
plastics. The liquids are comprised of oils and 
organic solvents. These wastes are primarily 
machine oils, but include water-soluble oils such 
as TrimsoLR Freon-TFR. trichlorocthane, and 
carbon tetrachloride account for most of the 
hazardous solvents in the organic wastes. 

Currently, efforts are being directed toward 
reducing generation of wastes and also finding 
appropriate substitutes for halogenated solvents. 
These efforts have proven successful. The 
production of liquid LLM wastcs has been 
reduced by approximately half. The .generation of 
these wastes will be funher reduced as waste 
minimization efforts proceed. 

The continued storage of these wastes generates 
significant concern. If wastes in storage could be 
eliminated, the suddenly expanded capacity would 
be sufficient to store the yearly LLM waste 
production until an alternative treanent could be 
found. This problem becomes notable when 
considering the waste oil storage tanks. At 
current production levels, the tanks have several 
years' storage capacity. Therefore, eliminating 
the liquid wastes stored in the tanks becomes a 
high priority. 

Oil Tank Analyses 

Samples of waste oils from the two tanks were 
evaluated. Oil in the first tank contained 
approximately 5% water while the second tank 
contained approximately 7% water. Oil samples 
from the first tank were also more flammable and 
lighter in color. 

Oil samples from the second tank were collected 
and analyzed by the RFP analytical laboratory. 
Assuming the samples are representative of the 
oils in both tanks, the following results are 

4 
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indicative of the organic and inorganic 
constituents: 

The oil has a pH of 5.9, specific gravity (at 
25 "C) of 0.8869, and viscosity (at 100 "F) of 
210.4 f 1.4 SUS. The heat content is 22.168.5 
f 1,872.8 Btu/lb. The total chloride content is 
0.224 wt % (2240 ppm). Tocai alpha, uranium, 
and plutonium content are (5.5 k 0.4) X 10'. (4.6 
f 0.7) X IO', and (1.0 It 0.1 X IO', pCi,$, 
respectively. Water and ash content are 6.5 
f 1% and 1.6%, respectively. Freon-TP 
concentration is 154 ppb. 

The metal ion concentrations for the oil are 
shown in Table 2. 

Assays for hazardous semi-volatile cornpounds 
showed no concentrations exceeding detectable 
limits. The concentrations for Hazardous 
Substance List (HSL) volarile organic compounds 
arc shown in Table 3. 

Trial Burn Plan 

During preparation of the trial bum plan, Roy F. 
Weston, Inc. developed an estimate for the 
composition of the FBI liquid wastes. All of the 
values were based on historic information. 
Where specific information was available, actual 

TABLE 2. Metal Ion Concen- 
trations From Oil Storage Tank 

Analyte 

Arsenic 
Ekryilium 
Cadmium 
Mercury 
Potassium 
Lead 
Aluminum 
Barium 
Calcium 
Cobalt 
Qlmmium 

Imn 
Magnesium 
Sodium 
Nickel 
Strontium 
Zinc 

Copper 

Concentration 
(mm) 

0.02 
6.2 
0.2 
0.2 

3050 
92.0 
25.85 
10.68 

121 
5.67 
5.8 

81.6 
57.4 

69222 
4.1 
1.1 

6955 

230.0 

TABLE 3. HSL VoIatiIe Organic Compound 
Concentrations From Oil Storage Tank 

Concentration 
Analvc (UDb) 

1.1-Dichloroethanc 
chloroform 
l,l,l-Trichloroethanc 
Carbon Tetrachloride 
Trichlorcxthane 
1.1,tf-Tctrachlorocthane 
Toluene 
Et hylbcnzenc 

TABLE 4. Estimated Composition of Liquid LLM 
Wastes Scheduled for Destruction in the FBI 

Waste Material 

Oils - Mineral, Used, etc. 
Dioctylphthalatc 
Mineral Spirits 
Ethanol 
Solvcnts - Flammable, ctc. 
Xylene & toluene 
Dibutyl N,N diethyicarbamyl 

Paints 

I , SO2 Pyridine in Mcthoxyethanol 
&arbon Tetrachloride 
2-Ethoxycthanol & Phosphorous 
Unknown 
Total 

Phosphonateflrilsooctylaminc 

a i o ~ r o ~  

Total 
_Io/o) 

92.% 
2.12 
1.91 
133  
1.02 
0.17 
0.13 

0.10 
0.08 
0.05 
0.03 
0.01 
0.09 

100.00 

400 litre of styrene is also scheduled for incineration 

- L  

compounds were identified; otherwise, the 
general category was listed. This information is 
shown in Table 4. 

Non-FBI Mixed Wastes 

Bumable LLM wastes account for only a small 
percentage of RFP LLM wastes. The major 
sources are nitrate-salt and pond-sludge cement 
mixtures. Currently, there are no treatment 
processes (including the FBI) that could be 
licensed for destroying these types of wastes. 
For the short term, it appears they can be stored 
temporarily at RFP for eventual shipment to an 
off-site storage facility. However, an acceptable 
long-term treatment technology eligible for 
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receiving a permit must be developcd. The ideal 
long-term technology would have capability to 
treat or destroy all types of LLM waste. 

As seen in Figure 1. low-level burnable wastes 
are only a small percentage of all bumable RFP 
wastes. At this time, the orher types of 
hazardous wastes. TRU-mixed and nonradioactive 
hazardous. can be shipped to off-site treatment or 
storage facilities. Any system choscn to replace 
the FBI should be capable of dcstroping these 
larger segments of burnable wastes. In the 
future, new regulations could casily dictate that 
all liquid hazardous wastes be treated on site. 

EVALUATION METHODOLOGY 
OF PROSPECTIVE PROCESSES 

Numerous prospective waste ucatmcnt processes 
were evaluated for treating hazardous and/or 

Short-term availability: These treatment 
processes could be operational within one 
year. This eliminates all processes 
currently being developed. Any short- 
term treatment process selccted must be 
readily available from a vendor or use 
existing technology (e.g., land disposal). 

Intermediate-term availability: These 
treatment proccsses could be operational 
within three to five years. This timc 
frame permits some developmcnt 
activities. 

Long-term availability: These treatment 
processes would be available after five 
years. This permits substantial timc for 
developing processes to treat or destroy 
LLM wastes. Because there is no time 
limit. consideration may bc given to waste 
treamcnt processes currcnrly in early 
development stages. 

radioactive wastes. This section discusses the 
methodology used to critique the various methods 
with objectives to: 

3. Define potential shon-term options for 
managing LLM wastes scheduled for 
destruction in the FBI. 

1. Determine which prospective waste treatment The evaluations had two goals.,  The first was 
processes have poknial for treating RFP- 
generated liquid or solid LLM wastes. A 
process lacking sufficient potenrial was 
rejected, while a process showing promise 
was retained for further consideration. 

2. Project availability of those prospective 
treatment processes retained for further 
consideration (Objective 1). using the 
following categories: 

determine whether the prospective process had a 
reasonable potential for treating FBI LLM wastes. 
It is not anticipated that one treatment process 
can totally substitute for the FBI. Another 
incineration process may be capableof treating 
all fonns of LLM wastes; however, it is expected 
that several, if not all, incineration processes will 
face the same obstacles as the FBI. This does 
not preclude retaining incineration as a viable 
technology. Improvements to incineration 

FIGURE 1. Annual Burnable Waste Generation at the Rocky Flats Plant 
I 
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processes have allowed other sites to use _ ,  

incineration successfully. Thus, the purpose for 
the evaluation was to identify different processes 
that could be combined into complete treatment 
systems to serve as alternatives to the FBI. 

A treatment system would be capable of treating 
liquid and solid wastes, wet and dry 
combustibles, and plastics. 

! 

Once a process showed potential, the second goal 
was to estimate when it would be available. The 
list (Table 1) of prospective waste treatment 
processes, although not comprehensive, is a 
representative cross section of technologies that 
may be appropriate. However, this does not 
preclude the possibility that better candidates may 
laler be identified or developed. Sources used to 
identify and evaluate the processes included 
professional experience, the literature, and 
discussions with vendors. Figure 2 displays the 
steps used during the decision process for 
Objectives 1 and 2. 

Five waste treatment categories werc evaluated: 
auxiliary, thermal, chemical, physical, and 
immobilization. 

RFP-4264 

AUXILIARY PROCESSES 

Auxiliary technologies condition (e.g.. pretreat) 
wastes to enhance the efficiency of a waste 
treatment process. The auxiliary processes 
evaluated were: calcining, water addition, 
mixing, shredding. pelletizing, dewatering, and 
filtration. 

Ca Ici n i ng 

Process Description 

A calciner dries and oxidizes liquids and slumes. 
The calcine process requires a feed system (c.g., 
pumps and spray nozzles) furnace, off-gas system, 
and process control instrumentation. Solids may 
require some shredding prior to calcining, to 
shorten residence timc inside the furnace. The 
walls in a caicincr furnace are heated to approxi- 
mately SO0 "C. The furnace may be a spray 
calciner, a rotary-kiln calcincr, or a fluidized-bed 
cakiner. The spray calciner furnace uses either 
an induction or resistance-type heater. The 
rotary-kiln furnace, developed in France. is an 

FIGURE 2. Method for Evaluating Waste Treatment Processes 
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induction-rype heater. The fluidized-bed calciner, 
developed at Idaho National Engineering 
Laboratory (INEL). uses a kerosene and oxygen 
mixture. When nitrate slurries are the feed 
material. the calcine product usually has less than 
0.5% moisture and 5.0% residual nitrates.’ 

Cornmen ts 

Calcining could be used if an oxidized solid 
material is required for another treatment process. 
The calcine process would be an auxiliary 
treatment with no destruction capability. 
Calcining equipment is commercially available 
and could meet a short-, intermediate, or long- 
tern schedule. 

agitators. Agitators can be designed to 
accommodate almost any material with varied 
shear force requirements. Baffles may also be 
added to incrcase slurry mixing. Tanks normally 
have level and flow-rate instrumentation 
connected to the pumping system. Mixing can bc 
done at elevated temperatures and pressures. 

Comments 

The mixing proccss would bc an auxiliary step 
following water or chemical additions and could 
bc uscd for either solid or organic waste streams. 
A filtering step may bc nccdcd later lo separate 
thc mixed materials. 

Shredding 
Water Addition 

Process Description 

Water addition would be uscd when dilution of 
oils or  combustible wastes is rcquircd prior to 
beginning a treatment proccss. Water addition 
would require pumps, tanks, agitators and process 
control instrumentation. In some cases, tank and 
line heaters may bc used,to heat thc waste 
streams. An atomizer jet is used in the feed line 
for waste oils requiring atomizing. Eventually, 
the added water must be removed, so dewatering 
technologies should be considered as a later 
processing step. 

Comments 

A water addition process could be uscd as a 
pretreatment step when a subsequent process 
requires slurried solid wastes or dilutcd organic 
waste streams. A dewatering process may be 
required later. 

Mixing 

Process Description 

Mixing is used when a treatment process requires 
the feed to be a homogeneous liquid or slurry. 
The mixing normally takes place in tanks with 
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Process Description 

Shredding reduccs Lhc size or volumc of solid 
material. The size of the f e d  material, Ihc size 
limit for material leaving the shredder. and the 
capacity or throughput rcquircd determines the 
size of the shredding equipment. The shredder 
design determincs the type of matcrial (such as 
paper or metal) that can bc shrcddcd. A mcthod 
for size classification (screens or cycloncs) may 
be required so that oversized particles exiting the 
shredder are recycled through the .. process. L 

Comments 

Shredding could be an auxiliary step prior to 
any chemical, thermal, or immobilization process. 
step. It may be necessary to add a size 
classification step to meet the size requirements 
for material being fed and discharged from the 
shredder. Shredding and classification equipment 
is commercially available to meet a short-. 
intermediate-, or long-tcrm schedule. 

Pelletizing 

Process Description 

Pelletizing agglomerates solid particles into a 
uniform shape. An agglomeration can be a 
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mixture of materials: for example, paper and 
coal. Solid material is normally shredded or 
ground prior to pelletizing to produce the desired 
particle size distribution. The particles are thcn 
bound together using binders, pressure, and hcat 
mating. The binder produces a dense material 
with good compressive strength. Bindcrs are 
made from various materials including corn syrup, 
molasses, casein, and hide glue. The pressure is 
provided by the pelletizing equipment. Gencrally, 
controlled-temperature heating of the pelletized 
product ensures stability during handling of the 
final product? 

Comments 

Pelletizing would be an auxiliary step for 
combining solid wastes into a uniform shape. 
The primary is ease of handling the final product. 
Pelletizing equipment is commercially available 
and could meet a short-, intcrmcdiarc-. or long- 
term schedule. 

Dewatering 

Process Description 

Dewatering a waste stream may require several 
types of equipment or chemicals. The equipment 
used may include centrifuges, thickene&, dryers, 
spray evaporators, and lagoons. Centrifuges 
separate different material types into layers, 
beginning with the heaviest material at the 
,bottom. The layers are then removed in various 
ways depending on the design of the centrifuge. 
Centrifuges can operate at elevated temperatures 
and pressures. 

Thickeners operate in a manner similar to settling 
tanks, but require rakes, lime, and/or flocculents 
to separate the feed materials into sludges and 
clear liquids. The solid material is concentrated, 
forming the ~ ludge .~  Thickeners normally operate 
at atmospheric pressure, but are capable of 
operating at ambient or elevated temperatures. 

Dryers remove water from solid wastes or sludges 
by heating the material, causing the water to 

evaporate. The dried product may be 
contaminated by fuel, depending on the design of 
the dryer. Dryers can operate at elevated 
pressurcs.' 

Spray evaporators use cquiprncnl such as 
sprinkIcrs to discharge aqucous wastc into the air 
where solar evaporation occurs. Lagoons use 
solar evaporation to extract watcr from aqueous 
wastes or slurries. Following evaporation, solid 
wastes or thick slumes are removcd with a front 
end loader. Both proccsscs, spray evaporators 
and lagoons, operate at ambient temperature and 
pressure. Chemical dewatering separates the 
water from other solutions in the waste, so the 
water or solutions can be removed by decanting. 

Comments 

A dewatering process mighr be used if watcr has 
h e n  added prior to a processing srcp or if 
dewatering is required prior to a trcatmcnt 
process. Dewatering equipment is commercially 
available and could meet a shorl-, intemcdiate-, 
or long-term schedule. 

Filtration 

Process Description .. .. 
Filtering may be used for dewatering slurries and 
clarifying decanted solutions. The equipment 
may be one of the following types: 

1. Continuous vacuum drum filter 

2. Continuous vacuum string filter 

3. Continuous American disk filtcr 

4. Belt filter 

5. Plate and frame filtcr 

6. Vacuum-leaf filter 

Each filter has its advantages and disadvantages, 
and the application must be known when 
choosing a specific unit. The filter cake (solid 
material) that collects on the filter may have a 
moisture content of 7 to 25%, depending on the 
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material being processed, the thickness of the 
filter cake, and the size distribution of the 
material. In some cases, filtering aids such as 
diatomaceous earth may be required. All the 
filtcrs have some capacity for washing the filter 
cake. 

Comments 

A filtering process could be an auxiliary step for 
any of the chemical, thermal, or immobilization 
processes. The equipment would be used to 
dewater slurries created during a treatment 
process or to clarify solutions before or after a 
process. Filtering equipment is commercially 
available and could meet a short-, intermediate-, 
or long-term time schedule. 

THERMAL PROCESSES 

Thermal processes are generally destructive 
technologies when used for wastes containing 
organic compounds. Some thermal processes 
treat wastes containing inorganic constituents; 
however, these processes generally entrain the 
constituents in another medium that is easier to 
manage and considered much less hazardous. 
Because of the potential for generating off-gases 
containing particulates, acids, and other 
undesirable constituents, an off-gas system may 
be required for most of the thermal processes that 
follow. Components of an off-gas system may 
include a scrubber, filter bank, or a combination 
thereof. The processes evaluated are: rotary kiln 
incinerator, infrared incinerator, advanced electric 
reactor, molten salt, glass melter, microwave 
melter, wet air oxidation, catalyzed wet oxidation, 
high-temperature wet oxidation, pyrolytic 
decomposition, high-temperature pyrolysis with 
oxygen, fast rotary reactor, cyclone incineration, 
and supercritical water oxidation. 

, 

Rotary Kiln Incinerator 

Process Description 

Rotary kilns destroy organic wastes by oxidation 
Wastes and auxiliary fuel enter the elevated end 
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of an inclined, refractory-lined, cylindrical kiln. 
The wastes are oxidized to gases and ash while 
passing through the kiln. Operating temperatures 
typically range between 650 and 980 “C. 
Residence time may range from several seconhs 
for gases to several hours for solid wastes. 
Exhaust gases are treated in an afterburner at 
760-1.315 “c (Reference 5 ,  pp 2-7 to 2-11). 

Comments 

A rotary kiln was retained for consideration as a 
long-term process. Treating wastes with a rotary 
kiln could be very expensive because of high 
capital costs &d excessive downtime for 
maintenance. Also, a significant amount of time 
may pass before receiving regulatory approval to 
operate a kiln. Rotary kilns are commercially 
available but have not been succcssfully 
demonstrated for radioactive wastes. 

t 

Infrared Incinerator 

Process Description 

Infrared incinerators oxidize organic wastes using 
infrared heating elements. Wastes pass through a 
furnace on a woven metal conveyor belt; pans 
placed on the belt hold liquid wastes. Oxidation 
of wastes to gases and ash occurs as-the wastes 
pass under the infrared heating elements. Oper- 
ating temperatures within the primary chamber are 
260-1,OOO “c, with a residence time for solids of 
10-180 minutes. Off-gases pass through a 
secondary chamber to complete the combustion of - 
remaining organic constituents. Operating 
temperatures within the secondary chamber are 
540-1,260 “c, with a residence of 2-5 seconds. 
This system maintains precise control of 
temperature and residence time. It can also be 
designed for easy maintenance. A secondary 
treatment process would be needed to convert the 
ash to an acceptable form for disposal.6 

Comments 

An infrared incinerator is an alternative meriting 
further investigation as a long-term process. The 



equipment is commercially available and it can 
handle all forms of waste planned for the FBI. 
However. an infrared incinerator will require time 
for development (including modifications to 
process radioactive wastes), construction, and 
permitting. 

Advanced Electric Reactor 

. Process Description 

An advanced electric reactor converts wastes to 
nonhazardous compounds (e.g., carbon, carbon 
monoxide, and hydrogen) by thcrmolysis (Le., 
pure heating). Destruction of the wastes takes 
place in an electrically hcated, porous-carbon core 
reactor. The wastes are added at the top of the 
reactor and an: broken down by thermolysis a1 
approximately 2,200 "C whilc passing through the 
reactor. An unusual feature of thc proccss is that 
thermal energy is transferred to the wastes by 
means of radiation rather than conduction or 
convection. Off-gases pass through a secondary 
chamber to ensure complete combustion of 
organic substances. This process is limited fo 
liquid wastes atomized to droplets no larger than 
1,500 microns and solid wastes no larger than 35 
mesh. Sludges cannot be handled by this 
process. This unit is also known as a high- 
temperature fluid wall reactor.' 

Comments 

The advanced electric reactor was not retained for 
funher consideration because of difficulties 
meeting waste size restrictions. 

Molten Salts 

Process Description 

Wastes are incinerated in molten sodium 
carbonate. Heat from the process destroys 
organic constituents. At the same time, the salt 
layer traps inorganic contaminants while acting as 
a scrubber for off-gases and paniculates. The salt 

RFP-4264 

must be continually changed bccause'of 
contaminant buildup. Other salts may also be 
formed during the neutralization of acidic off- 
gases. All wastes treated by this process must 
havc low ash and low watcr content (Refcknce 8, 
pp 81-82). 

Comments 

The liquid LLM wastes scheduled for destruction 
in the FBI have a low water content but the 
solid wastes are high in ash content Therefore. 
the molten salts method was retained as a long- 
term process for treating liquid wastes only. The 
equipment for treating hazardous waste is not 
commercially available. 

Glass Melter 

Process Description 

Glass melters process wastes by trapping 
inorganic and metallic constituents in a glass 
matrix while destroying the organic constituents. 
Wastes are first mixed with glass formers and 
then introduced into the cavity of a glass melter. 
Glass formers investigated by RFP include boro- 
silicate (boric acid, sand, and lime) and soda-lime 
(sand, lime, and soda ash). Electrodeslprouuding 
into the cavity below the molten waste level pass 
an electrical current through the waste/glass 
mixture. Resistance to the current generates heat 
within the waste/glass mixture. General operating 
temperatures are 950-1.250 T, controlled by 
adjusting the voltage across the electrodes. 
Excess oxygen is introduced into the chamber, 
and residence time is controlled to ensure 
complete destruction of organic contaminants. A 
glass furnace can process liquids, wet or dry 
sludges, and combustible materials. The resulting 
ash is trapped in the glass matrix. When the 
glass hardens, the waste is in an acceptable form 
for shipment. Off-gas treatment is required, and 
sludges formed during the off-gas treatment can 
be disposed of in the meiter. Volume reduction 
(approximately 10-30%) and creation of a 
disposable waste form can be expected from this 
process.9 
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Commtg ts 

Glass melters appear to meet all requirements for 
an FBI allemativc. Howcver, glass mcltcrs wcrc 
rctained for intermcdiatc- and long-tcrm 
consideration because of high capital costs and 
continued development of the process. Glass 
melting equipment is commercially available but 
has not been licensed for radioactive wastes. 

Microwave Me1 ter 

Process Description 

Microwave melters are similar to gdss melters 
except for the heating method. Microwave 
melters can reduce the volume (to 80%) of 
certain wastes, while at the same time forming a 
solidified, glass-like mass. Wastcs, in the form 
of dried sludgcs, arc introduccd into thc cavity 
and melted at 700-1.370 "C. Organic substanccs, 
air. and moisture are driven off, and metallic and 
inorganic substances are trapped in the glass 
matrix. When the glass is removed from the 
chamber, the waste is in an appropriate form for 
shipment and disposal." 

Comments 

Continued research and development is required 
to produce a microwave system generating a 
plasma capable of destroying organic molecules. 
At the present time, research is centered on 
aqueous-based sludges with high amounts of 
diatomamus earth. Two years of additional 
development is estimated for thoroughly 
evaluating potential uses for microwave meltcrs; 
therefore, this process has been retained for 
intermediate- and long-term consideration. 
Microwave melters are comme&lly available but 
have not been developed for use with radioactive 
wastes. 

Wet Air Oxidation 

Process Description 

Wet air oxidation is the aqueous-phase oxidation 
of suspended organic .substances using elevated 

temperatures (175340 "c) and pressures (20-200 

streams that are too dilute to incinerate 
economically. Typically, aqueous waste streams 
containing 1-3% (by volume) organic constituents 
can be treated with this process." 

. am). The process is well suited for waste 

Comments 

Liquid waste str~ams planned for the FBI are not 
diluted. In fact, water is minimized; thereforc. 
this process is not recommended as an alternative 
to the FBI. 

Catalyzed Wet Oxidation 

Process Description 

Catalyzed wet oxidation is similar to h e  wet air 
oxidation process, except that a catalyst is added. 
The process uscs nitrate and bromide ions in an 
acidic solution to catalyze the organic constit- 
uents. OLhei catalysts. such as copper ion, 
have been used to improve the performance of 
conventional wet air oxidation processes. 
Aqueous waste streams containing up to 5% (by 
volume) organic constituents are treated using 
this process.'* 

.. 1. 

Comments 

Catalyzed wet oxidation is still at the 
experimental phase of development and can treat 
only very dilute organic streams. Therefore, it is 
not recommended as an alternative IO the FBI. 

. 

High-Temperature Wet Oxidation 

Process Description 

High-temperature wet oxidation is similar to the 
wet air oxidation process, except that this process 
operates at higher temperatures. Columns of 
water placed in the ground develop sufficient 
pressures to produce high temperatures without 
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boiling. The process is still in the experimental 
stages, and the developer is seeking funding to 
install a system and collect experimental data. 

Comments 

High-temperature wet oxidation was not retained 
for further evaluation. Developmcnt has not 
proceeded far enough to warrant interest." 

Pyrolytic Decomposition 

Process Description 

Pyrolytic decomposition is similar in principle to 
a controlled air reactor because wastcs are hcatcd 
in an oxygen-free atmosphcre and subscqucntly 
broken down into gascs and rcsiducs. Thc 
gaseous organic compounds cntcr an oxygcn-rich 
reactor for complete destruction. Ash is collectcd 
for later disposal or treamcnL Waste heat is 
passed through a heat exchanger to preheat 
incoming waste." ' 

Cornmen ts 

Pyrolytic decomposition was retained for 
' consideration as an intermediate- or long-term 

process. There are several systems of this type 
already operating throughout the United States. 
One system has received a Resource Conservation 
and Recovery Act (RCRA) permit, which may 
make it easier to acquirc a permit for a unit at 
RFP; however, the process has not been tried 
using radioactive wastes. According to the 
literature, this process can treat any of the wasfe 
forms planned for the FBI. 

High-Temperature Pyrolysis With Oxygen 

Process Description 

The high-temperature pyrolysis with oxygen 
process closely resembles a blast fumace with 
environmental controls attached. A shaft furnace 

is charged with nonhazardous waste and heated to 
operating temperatures bcfore hazardous wastes 
are introduced. Additional fuel is required to 
maintain the operating tcrnpcratures. (typically 
800-1,650 "C). Rcsidcncc time is controllcd to 
ensure complete combustion. Waste gases pass 
through a scrubber systcm prior to being released 
to the atmosphere. Scrubber waste retums to the 
fu mace. *' 

Comments 

The high-temperature pyrolysis with oxygen 
process is reportedly capable of treating all wastes 
planned for the F B I ;  however, i t  has not been 
dcmonsuated using hazardous materials. 
Therefore, the process has not received a RCRA 
permit. and additional time is required for testing 
and permitting. Estimatcd capital cost is 
$25,000,000. This systcrn appcars 10 require a 
much largcr supply of waste than is available for 
the FBI .  The process has bcen retaincd as a 
long-term proccss. 

Fast Rotary Kiln 

Process Description 

The fast rotary kiln is similar to the rqtary kiln 
incinerator. This process reportedly 'has bener 
efficiency because the increased rotational speed 
(to 20 rpm) produces bener heat transfer and 
combustion. Operating temperature is approxi- 
mately 870 "C with a residence time to 30 
minutes (for solids). The system is designed to ' 

bum both solid and liquid wastes; berefore, i l  
should process all the FBI wastes. An off-gas 
treatment system would be required before the 
off-gases could be released to .the atmospherc.'6 

Comments 

A fast rotary kiln would be appropriate for wastes 
scheduled for destruction in the FBI. The 
equipment is commercially available; however, 
the system has not received a RCRA permit and 
could be examined only as a long-term process. 

13 
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Cyclone Incinerator 

Process Description 

The cyclone incinerator is a cylindrical-shaped 
combustion chamber into which a mixture of fuel, 
waste, and air are introduced tangentially, 
producing tangential velocity flow chat varies 
inversely with radial position. The resulting high 
shear provides intense mixing and complete 
combustion. Temperature range is 870-1.650 “C 
with exhaust gases being cleaned of all ash by 
centrifugal force. Feeds to this system are liquid 
organic wastes (e.g.. oils) only. Additional fuel 
is required to maintain operating tempcratures.” 

I 

Comments 

Two commercial-size cyclone incinerators are on 
order, but have not yet.receivcd a RCRA permit. 
This system treats liquid wastes only, and another 
process is required to treat solid wastes. This 
process has been retained as an intermediate- or 
long-term process. 

*., 

Supercritical Water Oxidation 

m e s s  Description 

Supercritical water oxidation is a process for 
converting hazardous organic constituents in 
aqueous wastes to nonhazardous compounds. It 
can treat waste streams having 1 to 2 0 8  organic 
constituents. The waste stream, containing 
organic contaminants, and feed material is 
pressurized and heated to supercritical conditions 
(exceeding 647 K and 22.13 MPa)” with recycled 
reactor reaffinate water. (The critical density of 
water is 0.326 glcm’.) 

Next, oxygen in the fonn of compressed air or 
liquefied oxygen is added to the reactor. The 
feed material, water, and oxygen react 
approximately five seconds in the rea~tor.’~ The 
oxidizing conditions convert carbon to carbon 
dioxide, hydrogen to water, nitrogen to ammonia 
and dinitrogen, phosphorus to phosphoric acid, 
sulfur to sulfuric acid, and halogens to the 
corresponding halogen acids. Acids, such as H a ,  

formed during supercritical oxidation can be 
neutralized with the addition of hydroxides.’* 
Inorganic or chloride salts created during 
supercritical oxidation arc almost [orally insoluble 
in water. 

The reactor discharge solution is fed to a cyclone 
where salts or solid materials are removed. The 
reactor discharge solution and the gas stream can 
be expanded thmugh turbines to remove the 
available energy as power. This provides a cost 
savings that can be excluded from the cost of 
operating the unit. Without turbines, cooling and 
condensation of the heated discharge solution and 
gas stream must be accomplished using another 
method. 

MODAR, Inc. has patcnts for above-ground 
supercritical water oxidation units using the 
process described. MODAR has operated a 30- 
gal/day pilot plant since 1984 and has begun 
design work on the first commcrcial plant. The 
MODAR unit will require. additional dcvclopment 
work before processing solid wastes. MODAR 
has estimated that a waste capacity of 2,500 
g d d a y  and a heat release rate of 1500,OOo 
B W r  will result in a processing cost of %0.8/gal. 
These values are based on an aqueous waste f e d  
sueam with 1,750 Btu/lb heating value.” 

Supercritical water oxidation is expected to 
achieve desuuction efficiencies exceeding 99.99% 
for all halogenated and nonhalogenated -solvent 
constituents (Reference 20. pp 8-1 to 843) with 
no NO, generated, and it should produce solvents 
at the parts-per-biIlion range in the liquid 
discharge stream. The supercritical water 
oxidation process should be able to tmt 
machining wastes, paint wastes, lubricant wastes, 
PCB-contaminated oil, and waste solvents.’8 
Construction materials for the supercritical reactor 
are important because corrosive conditions during 
oxidation may cause limited equipment life. 

Comments 

Supercritical water oxidation could process the 
liquid organic waste streams. However, thc 
plastics and combustibles wouId require another 
process. This process cannot meet the short- or 
intermediate-term time frames because it is in the 
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demonstration and pilot-plant phases of develop- 
ment However, it has significant potential as a 
long-term solution because of its capability to 
destroy organic wastes. 

This process, along with others described herein. 
would be operated using high pressures. The 
wastes have low levels of radioactive constituents, 
and adequate precautions are required to control 
the potential for radioactive contamination caused 
by failure of a pressurized vessel. Therefore, all 
treatment processes using vessels subjected to 
high pressures will comply with applicable 
standards, including the American Society of 
Mechanical Engineers. Boiler and Pressure Vessel 
Code, American National Standards Institute, 
Standard for Steel Pipe Flanges and Flangcd 
Finings, and the Amencan Society for 
Nondestructive Testing. 

CHEMICAL PROCESSES 

A chemical process alters the chemical structure 
of contaminants within wastes. Chemical 
processes are generally intended for liquid wastes 
with either organic or inorganic contaminants. 
The contaminants may be made less soluble (e&, 
precipitate), convened to nonhazardous 
compounds (e-g., H,O and COJ, or converted to 
a less hazardous form such as removing halogen 
atoms from halogenated hydrocarbons. The 
processcs evaluated are: aqueous-phase alkaline 
destruction, acid digestion, dechlorination, 
precipitation, aqueous-phase alkaline, catalytic 
dehalogenation. ultraviolet light/peroxide/ozone, 

. and biodegradation. 

Aqueous Phase Alkaline Destruction 

Process Description 

The aqueous phase alkaline destruction process 
converts solid organic material or sludges into oil. 
The organic material or sludge is digested, in the 
absence of oxygen, using a mild alkali at 
temperatures of 250-400 "C and pressures of 500- 
3,000 psi. Residence time can range from 0.5 to 
5 hours. The product oil can have a heating 
value to 90% of that produced by diesel oil. The 

solid organic material or sludges-can be 
halogenated liquids and granulated solid material, 
including organic polymers (e.g.. cellulose and 
lignin from paper. rags, and biomass). this 
process has been tested using Lindane and 
chloroform achieving near-total destruction and 
producing no dioxin by-products. This method is 
currently at the laboratory stage of development 
for most materials.2' 

The process was developed by Battelle 
Laboratory. Battelle and the American Fuel and 
Power Corp. tested the process extensively using 
a pilot-plant unit. A feed of primary, undigested 
municipal sewage sludge was convened to usable 
fuel oil, char, and wastewater. The pilot plant 
operates at a rate of 301/hr, using feed contain- 
ing 20% solid material and 5% anhydrous sodium 
carbonate. The sludge components are dissolved 
and recombined into aromatic structures, a gas 
stream, and biodegradable wastewater. Metals in 
the feed material are concentrated in the char, 
while organic solvents remain in the fuel oiLn 

Comments : 

This process might be able to treat'the solid 
wastes and solvents separated from the oil. but 
produces no benefit in treating the oils. This 
process is in the initial phases of development 
and could not meet the short- or inteFediate- 
term time schedule, but it could be a long-term 
solution. 

Catalytic Dehalogena tion 
(Dehydrochlorination) 

Process Description 

Catalytic dehalogenation decontaminates wastes 
containing halogenated organic solvents by 
replacing halogen atoms in halogenated 
compounds with hydrogen atoms. The reaction 
takes the form: 

R-(X), + H, -R-(H), + nHX, 

where R may be an aliphatic or hydrocarbon. 
radical. If chlorine is replaced, the process may 
be called dehydrochlorination. 

1s 
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The G a d  Division of Chamberlain National has 
developed a proprietary process for dehalogena- 
tion. .The process occurs at temperatures of 
150-200 "C. pressures of 3-10 am. with reaction 
times of 10-20 minutes. Catalysts include 
platinum, palladium, and rhodium. Potential 
by-products of the process include solvents with 
unreacted halogenated compounds, halogen acids, 
and catalytic materials. Process efficiencies have 
been very good. One analysis found a 93.5% 
reduction in oil for PCBs with initial 
concentration of 2,080 ppm." 

Other investigations have found that temperaturcs 
of 671-707 O F ,  pressures of 30-50 am,  with 
catalysts of 61% nickel on Kieselguher or 10% 
palladium in carbon (used for PCBs) were 
appropriate for dehydrochlorinationu 

The KTI CHLOROFF process is a dechlorination 
procedure that is an extension of a widely 
used lubricant reclamation process called KTI 
RELUBE. The CHLOROFF process is rougNy 
divided into three phases: Phase 1 is pretreat- 
ment, which is primarily paniculate filtration 
Phase 2 is catalytic hydrodechlorination. 
Dechlorination occurs in the presence of hydrogen 
under pressures of 50-60 bar at 250400 "C. 
During dechlorination, the chlorine atoms on the 
organic contaminants are replaced by hydrogen 
atoms. This step is performed twice in a trickle- 
phase reactor. Phase 3 is distillation of the end 
products. This process has k e n  successfully 
demonstrated on lubricants and pesticide 
production waste streams.= 

Comments 

Because of the promising nature of the tech- 
nology, catalytic dehalogenation was retained for 
further consideration as an auxiliary treatment. 

Ultraviolet Light/Peroxide/Ozone Treatment 

Process Description 

The ultraviolet light/peroxide/ozone process uses a 
strong oxidizing agent, peroxide (KO,) or ozone 
(03), in the presence of ultraviolct (UV) light to 
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decontaminate aqueous waste streams containing 
hazardous organic compounds. The oxidant is 
added to the wastewater, which is then irradiated . 

with UV light. The UV light converts the 0, . 

and/or H,O, to hydroxyl radicals (.OH), which 
possess a high level of reactivity. Decontamina- 
tion of the waste occurs when the organic 
contaminants react with the - OH radicals to form 
nonhazardous compounds: carbon dioxide, 
chlorides. and water.= 

Efficiency of the process depends on the quantity 
of oxidanrs applicd to the waste stream, the UV 
dosage, and the residencc time in the UV reactor. 
The efficiency varies as these parameters vary, 
but it is possible to meet regulatory standards or 
remove contaminants to non-detcctable levels. 
Wastewater entering a UV light/pcroxide/ozone 
system generally does not require pretrcament. 
(The process operates at ambient tcmperawn: and 
aunospheric prcssurc.) Howcvcr, filuation may 
be nceded to rcducc the suspended solids. 
suspended solids limit the amount of light 
entering the solution, reducing the production of 

OH radicals and consequcntly reducing overall 
effectiveness of the treatment. 

Comments 

The UV/peroxide/ozone process was not retained 
as a consideration for destroying con.c@rated oil 
wastes. Destruction of the oils would require a 
substantial dilution (possibly 500-1,OOO ppm) of 
the oils, and a long reactor residence time." 

Electrochemical Removal of Metal 
Contaminants 

Process Description 

Two electrochemical processes were considered 
for extracting metal ions from solution: 
electrodialysis and electrowinning. 

Electrodialysis is used by the electroplating 
industry to concentrate metals in process waste 
streams.28 An aqueous waste stream containing 
metal salts is fed into the center chamber of a 
three-chamber unit. Semi-permeable membranes 
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separate the center chamber from the others. 
The feed wastes are then subjected to an 
electrical charge. Anions, mainly sulfates and 
chlorides, pass through an anion-permeable 
membrane and collect in the anode chamber. 
The cations, mainly metals, pass through a 
cation-permeable membrane and concentrate in 
the cathode chamber. The deionized water 
remains in the Center chamber, ready for 
discharge or further ueatment. The concen- 
trated anionic and cationic solutions require 
further processing. 

Electrodialysis is used for treating waste 
streams containing nickel, copper, cyanide, 
chromic acid, iron, and zinc. The process 
works best for acidic wastes containing one 
concentrated metal. Pre-treating the incoming 
waste stream is important to prevent clogging of 
the system and fouling and deterioration of the 

Particulate matter, oxidizing agents, 
iron and manganese (0.2 mg/ ). and zinc should 
be removed prior to treatment. The incoming 
waste stream may also require slight acidification 
to prevent precipitation of salts and subsequent 
fouling of the membranes. Membranes may also 
be susceptible to attack by organic matter such as 
volatile organic com-pounds (VOCs). Oils may 
foul the membranes. 

Electrowinning is a process for creating high- 
punty metal. An acidic solution containing 
metal ions is electrolyzed, depositing or plating 
the purified metal on the cathode, while the 
anode (inert) creates additional acid.” The 
process operates at atmospheric pressures and 
ambient or elevated temperatures. 

Cornmen ts 

Electrodialysis was not retained for further 
evaluation. The process is not appropriate for 
treating solid wastes and the potential for 
fouIing membranes when treating oil wastes 
makes i t  undesirable. Neither was electrowinning 
retained for further consideration. It requires 
that the solution be aqueous, and the process is 
primarily used for solutions with a high punty of 
a specific metal. 

Biodegradation 

Process Description 

A bioiogical creamen[ uses microorganisms to 
degrade hazardous organic compounds to 
nonhazardous constituents. The microorganisms 
metabolize the organic compounds to by-products 
that the organisms use for growth. 

Two classes of biological processes are of general 
interest for treating hazardous wastes: aerobic 
(with oxygen) and anaerobic (without oxygen). 
Aerobic processes are the most common form of 
biological treatment. During this process, oxygen 
is available or supplied to the organism. The 
reaction takes the form: 

Organics + 0, -Ohrr CO, + H,O + New Cells. 

Aerobic processes have a wide range of applica- 
tions. However, halogenated hydrocarbons are 
generally considered refractory to aerobic 
proccsscs. A bcttcr approach ,is an anaerobic 
system. although research is being conducted to 
evaluate aerobic processes to degrade these types 
of hazardous compounds. 

Although there are several different biological 
reactors, the following are representative of 
Lhe different types (Reference 31, pp 10-10 to 10- 
11). 

1. Activated Sludge: Microorganistiis are added 
to an aerated basin containing aqueous wastes. 
The microbes degrade the hazardous organic 
constituents into nonhazardous compounds. 
As degradation proceeds, more biomass is 
generated, forming a sludge. Some sludge is.  
recycled, but most requires disposal. Pure 
oxygen activated sludge and extended aeration 
are variations of the process. 

2. Fixed Film Reactor: microorganisms are 
grown on a substrate (e.g., rock or plastic), 
forming a slime layer. Decontamination 
occurs as aqueous wastes pass through the 
slime. Biological towers are a variation of 
the process. 

3. Rotating Biological Contactor: A disk with a 
layer of microorganisms rotates through a 
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basin filled with conaminated aqueous waste. 
The organisms degrade the hazardous organic 
contaminants while in the water and are 
aerated when exposed to air. 

I n  situ processes have been used for decontamin- 
ating soils contaminated by gasolinc spills. 
Microorganisms in the soil degrade thc organic 
contaminants to derive by-products needed for 
growth. Many organisms are incompatible with 
the contaminants and die; howevcr, those 
surviving and able to metabolize the contaminants 
expand their population. Additional nutrients, 
oxygen, or microorganisms may be injected into 
the soil, i f  needed, to assist in expanding the 
organism population. 

A process similar to in situ treatment is land 
treatment. Wastes are spread over soil .and 
allowed to dry. The dry material is then mixed 
into the top 6-18 inches of soil. Following initial 
mixing, the soil may be periodically stirred 
to aerate the soil and disperse hydrocarbon 
molecules. Nutrients (phosphorous and nitrogen) 
may be added to stimulate growth of the micro- 
organism population, thereby leaving h e  oils as 
the limiting factor for population growth. Studies 
with crude oil. bunker C fuel oil, and wax d f i n -  
ate oil show that decomposition ratcs may be as 
high as 70 bbl/acre/month, costing approximately 
$7.00 per barrel. Caution must be exercised 
during preparation, because storm runoff may 
cariy contaminants away from the site.= 

Comments 

It is unlikely that a surface biological reactor 
would be appropriate for decontaminating the oil 
streams; the oil concentration is high, and the 
processes are directed toward aqueous streams. 
Also, biological systems are susceptible to shock 
loading. If composition of the waste changes 
quickly, the microorganisms may die. 

Land treatment was retained for consideration as 
a long-term process for treating oil wastes. This 
technology offers the advantage of being a 
destructive technology. However, because the 
wastes are contaminated with low levels of 
radionuclides, including plutonium, it is likely 
that acquiring regulatory approval will be 
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difficult. Another consideration is degradation of 
hazardous materials in the oil, especially chlori- 
nated hydrocarbons. Anaerobic degradation is 
generally suggested for chlorinated hydrocarbons; 
howevcr, research shows that aerobic degradation 
may be feasible for thesc contaminants. The 
many concerns associated with land treatment 
would require substantial laboratory and pilot- 
scale work to ascertain efficiency of the process. 

PHYSICAL PROCESSES 

A physical process changes the form of thc waste 
by removing specific contaminants without chemi- 
cal or thermal destruction of the contaminants. 
Frequently. decontamination is accomplished by 
transferring the hazardous constituents from one 
medium (waste being decontaminated) to another 
( c g .  carbon or air). Funher, oncc thc contami- 
nant substances are transferred to thc second 
medium, it may be possible to collcct (if h e  
material has economic value) or destroy the 
contaminants. Physical treatment is often directed 
toward aqueous waste streams contaminated with 
hazardous organic compounds. The processes 
evaluated are: evaporation, sonification, 
crystallization, supercritical carbon dioxide 
extraction, ion exchange, reverse osmosis, solvent 
extraction, fractional distillation, air stripping, 
activated carbon adsorption, and steam stripping. 

.. c 

Evaporation 

Process Description 

Thin-film evaporation equipment can recover the 
organic material in liquid wastes, i f  the organic 
material concentration exceeds 6 to 8%. Thin- 
film evaporators process liquids with viscosities to 
50,000 centipoises/second (cps), depending on the 
equipment design. The evaporator produces a 
vapdr stream containing the extracted material 
while leaving the remaining waste as a residue. 

With conventional thin-film evaporators, a 
limiting factor is the need to keep the bottoms 
(residues created during evaporation) pumpable, 
for removal from the unit. During solvent 
recovery (the vapor stream conducts solvents ,, 



away from the waste), the bottoms may require a 
certain percentage of solvents to remain 
pumpable, thereby reducing the efficiency ofrhe 
process. Past work shows that mixing nonvolatile 
carrier fluids, such as waste oi1,‘with wastes can 
produce higher recovery efficiencies for organic 
solvents by eliminating the need for solvents in 
the bottoms. This technique is currently applied 
to halogenated solvent contaminated wastes, with 
20-90% recovery efficiency. Recovered organic 
solvents may require additional processing (for 
example, dewatering). The bottoms mixture can 
be processed through incineration, fuel blending, 
solidification, or dewatering. 

Another factor that may limit the effectiveness 
of thin-film evaporators is the amount of solid 
material in the wastes. (Agitated thin-film 
evaporators tolerate higher concentrations of 
solid material.)=” 

Comments 

Evaporation was not retained for further 
consideration. The process is directed primarily 
toward recovering organic material from wastes 
when there is economic justification. This is not 
the case at RFP. There is no interest in recover- 
ing the solvents, and solvent concenuations are 
much less than 6 8 % .  In fact, an additional 
waste stream (solvents) would be created; and 
because the solvents would not be completely 
extracted from the wastes (20-90% recovery 
efficiency), the bottoms would probably require 
,additional processing steps. 

Sonification 

Process Description 

Sonification is the use of sound waves to transfer 
energy through a medium (e.g., air or water) 
to an object. The sound waves have specific 
frequency and amplitude values depending on the 
design of the equipment or process. Sonification 
is normally associated with equipment such as 
sonic reactors (covered by U. S .  Patents). 
Sonification has been used successfully during 
four separate processes: reduction of particle 
size. agglomeration, leaching, and dewatering. 
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During the first process. sonification reduced the 
size of coal particles. releasing ash and other 
impurities. The second process agglomerated oil 
and cold particles producing a lower quantity of 
oil and a higher percentage of solid material in 
the agglomerated mixture.” In the third 
sonification process. metals were leached from 
metal concentrates during difhsion-controlled 
reactions in a sonic reactor. The sonic reactor 
is built without an agitator. The last process 
used sonification to dewater a filter cake, 
resulting in a drier and morc efficiently washed 
filter cake. 

Comments 

Sonification was retained as a potential auxiliary 
step for either the liquid or solid wastes. 
Sonification equipment is available commercially. 
but would require development for an RFP 
application. 

Crystallization 

Process Descnpti 

Crystallization is the use of ultra-low temperature 
refrigerants, such as liquid nitrogen, to separate 
mixed materials. A Japanese corporation uses a 
cryogenic pmcess to separate fatty wponents .  
After freezing, each individual fatty component 
is separated from the mixture and then melted. 
The resulting product has a high purity level.% 
An American corporation uses a crystallization 
process to freeze one component of a mixture. 
The frozen component is rinsed to remove 
contamination and remelted as pure material.” 

- 

Crystallization was evaluated for application to 
wastewater treatment, solvent recovery. metal 
solution recovery, and incinerator enhancement. 
The equipment is commercially available, but the 
processes will require additional development 
beyond the pilot-plant stage. The cost is 
estimatcd at 4 to 30$ per gallon of processed 
material (nonradioactive), including equipment 
amortization. The higher per-gallon costs are 
associated with a l-gpm treatment plant. For a 
highly automated IO-gpm treatment plant, capital 
cost is approximately $1 ,OOo.OOO.” 

. 
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Comments 

A crystallization process would handle liquid 
wastes only; another process would be required 
for solid wastes. Because of the current stage of 
development, this process would be available only 
as a long-term solution. 

Supercritical Carbon Dioxide Extraction 

Process Description 

Supercritical carbon dioxide extraction removes 
organic constituents from wastes, using the 
critical form of carbon dioxide as a solvent to 
extract the organic constiruents. The process 
operates at the critical temperature (31.1 "C) and 
critical pressure (7.5 ma) of carbon dioxide. 
These conditions produce the critical density 
(0.468 g/cm') of carbon dioxide. Supercritical 
carbon dioxide extraction is used to remove . 
hazardous organic compounds from soils, recover 
oil from sludge, and recover solvents from 
slumes. These sludge and slurry streams 
contained at least 70 wt 6 water. Because the 
process is extractive, the hazardous compounds 
are not destroyed. If destruction of the solvents 
and mated organic wastes is required (at RFP), 
additional processing steps are needed.3 The 
carbon dioxide is also recovered for reuse. 

Equipment for supercritical carbon dioxide 
extraction is similar to that used for supercritical 
water oxidation. However, because of the lower 
operating temperatures, construction materials for 
the reactor are not as critical and the process is 
easier to manage. The supercritical carbon 
dioxide extraction process is at the pilot-plant 
stage of development and would require extcnsive 
development work for an RFP application. 

Comments 

The supercritical carbon dioxide extraction 
process could separate solvents, which have an 
economic value, from wastes. This process is 
moce applicable to the liquid waste streams, and 
another process is required to process solid 
wastes. Because of the current development 
stage, this process is only a possible long-term 
solution. 

Ion Exchange 

Process Description 

Ion exchange is a reversible process for extracting 
ions, primarily metallic, from aqueous wastes. 
During this process, there is an exchange of ions 
between the contaminated liquid phase (aqueous 
waste) and the solid phase (resin), while 
producing no permanent change to the resin 
structure. A major application of the technology 
is removing hardness, calcium, and magnesium 
ions from water. The following equation gives 
an example of the water softening process: 

2RNa' + Ca*' <=> &Ca** + 2Na' 

The exchange material, R. shown in lhe sodium 
form, exchanges two sodium ions for one calcium 
ion, thereby removing calcium ions from hard 
watcr. The calcium-loaded rcsin is thcn 
rcgencrated. using a conccnuatcd sodium chloride 
solution to return the resin to the sodium form. 
The resin is then ready for anorher operaring 
cycle. 

Ion exchange has been used to remove toxic 
metal cations and anions, including. uranium. from 
water. The regeneration solution may be an acid, 
a base, or possibly an NaNO, or (NH,XCO, solu- 
tion for removing uranium.l' The regeneration 
solution may require treatment before disposal. If 
the resin is not regenerated, it may also require 
treatment prior to disposal. The process operates 
at ambient temperatures and atmospheric pressure. 

Comments 

Ion exchange was not retained for further 
consideration. The process is directed toward 
treating aqueous wastes and would not be 
appropriate for either solid or oil wastes. 

Reverse Osmosis 

Process Description 

Reverse osmosis (also called hyperfiltration) is a 
process for extracting uncontaminated water from 
water containing dissolved solids. The remaining 
water contains the same quantity of dissolved 
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solids; but because of the reduced volume, the 
concentration is substantially higher. 

A reverse osmosis unit uses a semi-permeable 
membrane for the separation. Hydrostatic prcs- 
sure, sufficient to overcome thc osmotic pressure 
of the solutes, is applicd to a contaminated 
solution. Uncontaminatcd watcr is forced through 
the membrane, while concentrating the dissolvcd 
solids. (The membrane is impcrmcable to the 
solids.) Thc applicd prcssurc gencrally excuxls 
the osmotic prcssurc by at lcast 1 MPa (-145 
psi). Thc uppcr limit for applicd pressure is 
approximately 5.5 MPa (-800 psi); thcrcforc, thc 
systcm is appropriate for solutions with osmotic 
pressure to 4.5 MPa (-650 psi)." 

Membranes must conform to thc following 
criteria:" 
1. Permeable to watcr while restricting thc 

passage of dissolved solids. 
2. Thin, but strong enough to withstand thc 

rigors of the process. 
3. Nonreactive with contaminants in the water. 
4. Malleable enough to mold into shapes with a 

high surface area to volume ratio. 

Auxiliary processes may bc rcquircd to cxtcnd thc 
life and efficiency of a reverse osmosis unit 
Oil, grease, and oxidizing agcnts should bc 
removed. and prechlorination may be necessab to 
prevent microorganism buildup on the membrane. 
Filtration may be needed to remove suspended 
solids, and the pH of the solution may need 
adjustment to a range of 4-7.5. 

The basic components of a reverse osmosis 
system are the membrane, membrane suppon 
structure, container vessel, and high-pressure 
pump. Following are three common types of 
reverse osmosis units:" 

1. Tubular: This unit provides a large flow 
channel, thereby reducing the chance of 
plugging. but has a small surface area to 
volume ratio, which reduces the system 
efficiency. 

thin hollow fibers (0.004 inch) is used to trcat 
water. The fibers offer a high surface area to 
volume ratio. but are subject to plugging. 
Substantial pretreatment may be necessary. 

2. Hollow Fiber Mcmbrane: A casc filled with 

3. Spiral Wound: Collection material is 
sandwiched between permeable membranes 
and then wrapped around a collection tube. 
The water permeates through the membranes 
.as i t  flows through the collection matcrial. 

The revem osmosis process may be used for 
rcmoving dissolved organic and inorganic solids. 
The estimated volume of resulting concentrate 
vanes bctwcen 10 and 25% of the original 
influent volume. This concentrate must be further 
trcatcd. The process has shown good results for 
high molccular weight organic species as well as 
charged anions and cations. Favorable rcsults 
have bccn demonstrated for aldchydcs. ketones. 
amines, and alcohols. Pilot-scale investigations 
dcmonsuated that a 90+% removal is possible for 
several organic spccics. including chloroform, 
1 , I  -dichlorocthanc, 1,2dichloroethane, 
1.1.1 -trichloroclhane, and trichloroelhcne." 

Rockwcll Intcmational has evaluated reverse 
osmosis for rcmoving radionuclides (uranium. 
plutonium, and amcriciurn) from watcr during 
pilot-scale investigations. During one investi- 
gation, uranium concentrations were reduced from 
716 to 4.4 pCi/e. and plutonium (5  pCi& and 
americium (2 pCV') concentrations were reduced 
to lcss than 1 pCV' each. Water recovery was 
approximately 98%. Conditions nceded for the 
process include total dissolved solids at less than 
1,OOO mg/', no calcium. and minimum si l i~a. '~  
Another investigation found that reverse osmosis 
had a 98 to 99+% plutonium rejection rate with 
efficiency improving as pH increased (8.5 
optimum). Total dissolved solids removal vaned 
between 89 and 94%.46 

! 

Comments 

Reverse osmosis was not retained for further 
consideration. The process is primarily for 
aqueous wastes and therefore would not be 
appropriate for the solid or oil LLM wastes. 

Solvent Extraction 

Process Description 

A special case of the phase-distribution law states 
that at a given temperature, the ratio of 
equilibrium concentrations for a substance in two 
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immiscible solvents is a constant. This principle 
leads to a Solvent extraction technique, the trans- 
ference of various substances from one solvent to 
another. The process is applicable to solvents 
containing both metallic and organic substances. 
The solvents treated during this process are 
generally aqueous solutions containing the 
substances to be exmcted. The second solvent 
is usually organic. 

Solvent extraction may be performed in a mixer- 
settler, centrifugal contactor, or packed tower. 
The solvent passes countercurrent to the aqueous 
stream. After the exchange, the nowcontaminated 
solvent is sent to a regeneration (e.g., distillation, 
extraction, evaporation chemical reactor) unit to 
reclaim the solvent. During the exchange, some 
solvent could remain in the aqueous solution and 
may require additional treatment (e.g.. steam 
stripping or centrifuge) before disposal. 
Extraction of phenols is one application of the 
pmcess.47 

Metal removal, using solvent extraction, has been 
demonstrated in the metals industry. First, the 
solvent and an aqueous solution containing metals 
are mixed and allowed to settle in a mixer-settler. 
Next, the solvent is mixed with a clean aqueous 
solution, with the metals entering the aqueous 
solution. The aqueous solution containing the 
metal ions may be sent to an electrochemical 
process, such as electrowinning, to collect the 
metal. These operations take place at ambient 
temperatures and pressures, and all solutions are 
recycled. 

Comments 

This process was retained as a potential long-term 
solution for managing oil wastes. Research would 
be required to determine which solvents would 
extract the metal and/or organic constituents yet 
not react with oils. 

Fractional Distillation 

Process Description 

Fractional distillation extracts various compounds 
from a solution. The compound of interest is 
present in a liquid phase and is extracted using a 
second gas phase. Usually, the constituent to be 
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removed has relatively low partial pressure in the 
gas phase; but through continuous distillation, it 
is eventually removed from the liquid phase. The 
compound .is collected by condensing the vapor 
or passing it through a suitable collection agent. 

Fractional distillation uses evaporation and 
condensation to separate a feed stream into two 
or more solutions based on characteristics of 
various components in the feed. The operation 
takes place in a column containing packing 
material or a series of trays. H a t  from the trays 
or column vaporizes the more volatile components 
in the feed. The vapors rise to the top of the 
column and are collected in an accumulator. The 
bottoms, composed of less volatile distillation 
by-products, are withdrawn wilh a portion being 
returned to the column. Feed streams should 
have minimal suspended or dissolved solids to 
reduce fouling of the column. Feeds that tend to 
polymeriu: should also be avoided." Earlier 
work by the Rocky Flats Waste Process Develop- 
ment group showed that carbon terrachloride 
( C a d  can be successfully distilled from machine 
oil, using typical RFP organic mixtures, but the 
CCl, is not a candidate for recycle because 
trichloroethane is removed with the CCl,. 

Batch fractionation is a multistage process for 
separating a solution into different components 
when additional cost of the process is justified. 
This process is more tolerant of a higher solids 
content. Continuous fractionation is .appropriate 
for feed streams with little or no suspended or 
dissolved solids. Pressure and temperature 
adjustments may be needed."9 

Comments 

This process was retained as a potential 
intermediate- or long-term solution. The oil 
wastes contain several different organic 
constituents, and distilIation to remove the 
hazardous constituents may be appropriate. 

Air Stripping 
Process Description 

Air stripping is a proven technology for 
extracting volatile organic compounds (VOCs) 
from aqueous wastes. The process is so well 



accepted that €PA designated packed tower 
aeration (air stripping) as a "Best Available 
Technology" for treating drinking water. 

Air suipphg is the mass transfer of VOCs from a 
liquid (water) to a gaseous (air) phase. Tnnsfcr 
continues until equilibrium is established between 
the two phases. The mass transfer rate is limitcd 
by the amount of water surfacc area exposed to 
the air, because diffusion occurs at che air-watcr 
intcrface only. Within a column, water flows 
from top to bottom over the packing material. 
creating a broad surface area. At the same timc. 
air (several times the volume of water) passcs 
from botrom to top (countercurrent) over the 
water. The VOCs enter the passing air, which is 
then emined to the atmosphere or ueated (e.g., 
vapor-phase carbon) and then emitted. Extraction 
efficiencies exceeding 99% are possible. A liquid 
phase carbon adsorption unit is commonly used 
as a polishing unit following an air strippcr to 
increase the efficiency of contaminant removal.so 

Water is processed at ambient temperatures and 
atmospheric pressure. Minor adjustments may be 
needed, including filtration to remove solid 
material and pH adjustment to increase carbonate 
solubility. 

Comments 

Air stripping was not retained for future 
consideration. There is no indication that this 
method has been used for decontaminating oils. 
Difficulties would likely be encountered .because 
the oil viscosity would tend to inhibit flow 
through the packing material in a column. 

Activated Carbon Adsorption 

Process Description 

Granular activated carbon has proved effective 
for removing VOCs from aqueous wastes. This 
process is so effective that EPA designated 
granular activated carbon adsorption a "Best 
Available Technology" for removing VOCs from 
drinking water. 
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The value of activated carbon is that organic 
molecules adsorb (adhere) to its surface. The 
carbon has a high surface area to weight ratio 
estimated at 500 to 1.500 m2 per gram," which 
providcs substanrial opponunity for organic 
molecules to collect on the carbon. This is the 
reason for the effectiveness (99+%) of activated 
carbon as a water treatment. . 

Although there are different forms of adsorption, 
physical adsorption is of primary intcrcst. 
Interior to the carbon. thc anractivc forces 
(rcferred to as Van der Wad's forces) are in 
balance; however, at the surface. the forces are 
unbalanced. This imbalance results in a net 
inward anraction, which draws organic molecules 
to the surface of the carbon." Adsorption is a 
preferential process: some compounds are more 
readily adsorbed than others. For example, 
granular activated carbon is excellent for 
trichlorocthylcnc, but should not be used for vinyl 
chloride. 

Carbon continues to adsorb organic molecules 
until the carbon surface is in equilibrium with thc 
surrounding solution. At this point, the carbon is 
saturated and will adsorb no more organic 
material. Saturation is determined by measuring 
concentration of contaminants in the influent and 
effluent streams. While the carbon remains 
unsaturated, the effluent concentrations remain at 
or below nondetectable or regulatory limits. 
Once saturated, one or more contaminqnt concert- 
uations in the effluent will suddenly increase, 
eventually attaining the same concentrations as 
the influent. This sudden rise in effluent 
concentrations is termed breakthrough. When 
breakthrough occurs, the spent carbon must be 
replaced. 

Two options are available for spent carbon: 
disposal or regeneration. If disposal is chosen, 
the carbon is sent to a repository licensed to 
accept hazardous wastes. (The carbon is loaded 
with hazardous organic compounds.) The second 
option is regeneration. Contaminated carbon is 
shipped to a regeneration facility where organic 
compounds are driven off by heating or steam 
regeneration. 

Factors that may affect system efficiency include 
contact time (the time a volume of water is in 
contact with carbon), pH (affecting adsorption of 
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different classes of organic compounds). Lempera- 
ture (affecting viscosity), and hydraulic loading 
(volume of water per cross-sectional area of the 
carbon). Generally, water is treated at ambient 
temperature. The only pressure applied is that 
needed to drive water to or through thc carbon. 
Filtering may be needed if the concentration of 
suspended solids exceeds 50 ppm. (Some systems 
may accept higher concentrations.) Dissolved 
inorganic compounds plus oil and grease should 
be less than 10 p~rn .~ '  

Comments I 

i ' I  

The use of activated carbon adsorption was not 
retained for ueating oil wastes. Wastcs in the 
tanks contain more than 90% oil, which greatly 
exceeds the recommended 10 ppm, and diluting 
the oil would bc impractical. 

Steam Stripping 

Process Description 

Steam stripping is a process for removing organic 
compounds from aqueous solutions. This process 
is related to both air suipping and fractional 
distillation. 

Heated waste streams are fed into a tower filled 
with packing material or trays. As the waste 
flows downward through the tower, steam passes 
countercurrent to the strcam. Organic contami- 
nants that have volatilized exit the wastes and 
collect in the steam. Subsequcnt treatment, such 
as incineration, will be required for the collected 
contaminant?' Steam stripping has been used 
successfully by industry to mmovc hydrogen 
sulfide and ammonia. Further, stcam stripping 
should be effective for removing many chlorin- 
ated hydrocarbons, including I ,  1,2-tricNoroethane, 
carbon tetrachloride, and 1,2-dichloropropane. 
Steam stripping may be used to treat solutions 
with organic concentrations ranging from 100 
ppm to 20%. 

The literature describes two processes that use 
steam stripping as a step during reclamation of 
used oils. The first is a predistillation process. 

four hours. The process removes NO,, light oil 
I The oil is processed in a steam stripper still for 

compounds, and water. The second procedure is 
a dehalogenation-like process followed by steam 
stripping. In the first step. oils are subjected to a 
hydrogen atmosphcre, prcsscres of 50- 150 atm, 
and tcrnperatures of 330-360 "C within a catalytic 
reactor. Catalysts used include molybdenum- 
cobalt or tungsten and tungsten-nickel. The 
second step, stcam stripping. removes the by- 
products of the first step, including hydrogen 
sulfide, ammonia, water, and volatile 
~ ~ m p o u n d s . ~ ~  

Comments 

Steam stripping was retaincd for further 
consideration as an auxiliary srcp. The proccss 
could possibly bc used as a step during trcatmcnt 
of the waste oils. 

IMMOBILIZATION PROCESSES 

Immobilization processes convert wastes to a 
form that is more easily handled or acceptable for 
disposal. Current environmental regulations 
dictate that wastes intended for disposal at a 
hazardous waste facilily contain no free liquids. 

Stabilization and solidification are two methods of 
immobilization. Stabilization alters the solubility 
or chemical reactivity of the waste. -Solidification 
converts the waste to a solid. (Radioactive wastes 
may require solidification prior to disposal at a 
facility licensed to accept radioactive wastes.) 
Fixation is a term frequcntly used to refer to the 
same processes. 

This form of trcatmcnt is directed toward solid 
and liquid wastes, soils, and ash. Thc processcs 
evaluated are: sorption, lime-fly ash pozzolan, 
pouolanic-portland ccment, thermoplastic 
encapsulation, macroencapsulation, and specific 
commercial products.56 

Sorption 

An adsorbent material is added to wastes to 
produce a form that is easier to handle. The 
sorbent may react chemically or physically. 
Commonly used materials include bottom ash, fly 
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ash, and kiln dust from lime and cement 
manufacture. The pH level may need adjusting 
depending on the type of sorbent used. When 
choosing a sorbent, the quantity of product 
needed to prevent generation of free liquids must 
be considered. as well as the compatibility 
between product and the waste or contaminants. 

Lime-Fly Ash Pozzolan 

Fly ash or other pozzonlanic material is mixed 
witjl the wastes. Next, lime is added. The final 
mixture is then placed in forms and allowed to 
harden. Oil, grease. and compounds such as 
sodium borate, calcium sulfate, and potassium 
bichromate may adversely affect the strength of 
the solidified mass by interfering with bonding. 

Pozzolanic-Portland Cement 

The strength and chemical characteristics of 
solidified wastes created by adding portland 
cement (usually Type I) to the wastes may be 
improved by adding pozzolanic material to the 
waste-cement mixture. Oil, grease. and soft fine 
waste may adversely affect the strength of the 
solidified mass by interfering with bonding. 
Acidic materials in the wastes may lead to a 
breakdown of the concrete after setting. 

-.. 

Thermoplastic Microencapsulation 

Waste is dried, then mixed with a plastic material 
to form a malleable solid. A commonly used 
material is asphalt, but other materials are 
polyethylene, polypropylene, wax, or elemental 
sulfur. Possible problems include softening of the 
solid, if solvents or greases are present, and 
rehydration of sodium sulfate hydrates (water lost 
during the asphalting process). Asphalt is better 
than pozzolanic or pozzolanic-portland cement 
when oxidizing or complexing agents are 
eliminated from the wastes. 

Macroencapsulation 

Macroencapsulation includes sealing wastes in 
polyethylene-lined drums and applying inert 
coatings to solidified masses. 

Auxiliary steps may include destruction of 
reactive materials (e.g.. acids and oxidizers), 
volume reduction, binding hazardous compound 
into the solid structure, and bulking and 
homogenizing wastes 10 simplify solidification 
and stabilization processes. 

The following products were evaluated by 
Rockwell International for solidifying and 
stabilizing wastes generated at Rocky Flats: 

1. 

2. 

3. 

Petroset 1103 (Fluid Teqh. Inc.): This product 
solidifies most hydrocarbon compounds, but 
not aqueous wastes (although the wastes may 
contain some water). The product is readily 
mixed with wastes by stimng. An activator 
may be needed to aid solidification of pure 
oils. The optimum pH range is 5-9. The 
resulting solid has the consistency of a gel 
and no free liquids.n 

EnvirosmneG9 (United States Gypsum 
Company): Envirostone emulsifier and water 
are added to oil to create an oil-water 
emulsion. Next, Envirostone gypsum cement 
is added to the mixture, which is then 
allowed to harden in a drum. Liquids do not 
seep from the solidified mass.” 

Portland Cement flype I): Bench-scale tests 
were performed to test the potential for using 
portland Cement to solidify oils. The results 
were unsatisfactory because free l ip ids  
seeped from the solidified mass.’ 

Comments 

Solidification and stabilization processes have 
been retained for further consideration as a short, 
intermediate-, and long-term treatment. These 
processes were previously proven on Rocky Flats 
generated wastes and may be used for either the 
original wastes or (later) for ash or treated 
wastes. 

CONCLUSIONS 

The FBI is expected to be an effective technology 
for destroying LLM wastes. Therefore, all 
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proposed alternative systems must achieve the 
. same objectives as the FBI. including reducing 

the quantities of LLM wastes stored at RFP and 
treating LLM wastes that are generated. 

Characterization of the LLM waste sueams show 
that each stream has different properties and, 
consequently, different requirements when 
identifying appropriate treatment processes. 
Therefore, because of the limitations inherent in 
each process, it is unlikely that one method (with 
possible exception of some form of incineration) 
will be adequate for treating all LLM wastes 
generated at RFP. Each of these requirements 
must be considered during future efforts to define 
treatment systems for &placing the FBI. This 
may lead to a systematic study matching 
individual wastes to specific intermediate- and 
long-ten Ueaunent processes with appropriate 
attention to various factors, including regulatory 
requirements. Explanations of the difficulties that 
may be encountered while defining an adequate 
treatment system follow: 

1. The ideal goal when evaluating waste treat- 
ment processes is either destruction or a 
significant volume reduction. However, many 
of the processes attack only one problem, 
such as reducing concentration of hazardous 
organic or metallic constituents while failing 
to reduce the volume. 

2. Different waste forms require different 
methods of processing, which complicate the 
design of a toral treatment system. The 
following factors may affect the design. 

An incineration process appears to be 
the prime candidate for simultaneous 
destruction of all forms of LLM wastes. 
However, alternative incineration processes 
may produce the same concerns as those 
for the FBI. 

Processes for treating solid wastes are 
limited primarily to thermal and fixation. 

Many processes for treating liquid wastes 
are directed toward decontaminating 
aqueous solutions (e.g., contaminated 
wastewater), The liquid LLM wastes are 
comprised primarily of oils. This presents 
unique problems that may not be 

addressed by common liquid waste 
yeaunent processes. 

3. The overdl efficie'ncy of the process may not 
be sufficient to achieve a specific desired 
improvement in the quality of the w&e. For 
example, a solidification procedure may not 
sufficiently reduce the concentration of 
organic compounds in a leachate (produced 
by the waste) to comply with the Land 
Disposal Restrictions for land filling wastes. 

Once one or more treatment systems have been 
selected'as potential alternatives to the FBI, they 
must be evaluated. Specific criteria were used to 
evaluate the FBI, and similar criteria should be 
used to evaluate effectiveness of the prospective 
treatment systems. Such criteria should include 
the following: 

1. An alternative treatment systcm must 
completely substitute for the FBI. In Lhis 
context, the various unit operations (singularly 
or in combination) must treat all wastes 
scheduled for destruction in the FBI. 

.2. Secondary waste generation must be 
minimized. 

3. Waste volumes must be substantially reduced. 

4. The original waste must be converted to a 
form acceptable to Colorado and& other 
states, EPA, and DOE for storage. transpon, 
and disposal. 

RECOMMENDATIONS 

The resources required to engineer, purchase, 
permit, and install a system capable of treating 
hazardous and LLM wastes are substantial. At 
the present time, the pressing need is to treat 
liquid LLM wastes. Specifically, a short-term 
option is needed to eliminate the oil wastes in 
two storage tanks because the tanks are filled to 
capacity. Assuming a rate of LLM oil generation 
equal to the existing rate. approximately five 
years of storage will be available once the tanks 
are emptied. At that time, a permanent solution 
will be required. For the long-term, it is prudent 
to consider all hazardous waste streams when 
evaluating waste treatment technologies. 
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TABLE 5. Processes Chosen for Further Evaluations 

Aun'liarv Thermal Chemical Phvsical Immobilization 

Calcining 
Water 

Addition 
Mixing 
Shredding 
Pelletizing 
Dewatering 
Filtration 

Rotary Kiln Incinerator (L) 
Infrared Incinerator (L) 
Molten Salts (L) Biodegradation (L) 
G&ss Melter (L) 
Mi- Melter (L) 
Pymlytic Decomposition 

High-Tempera tu re 

Fast Rotary Kiln (L) 
Cyclone inanerator (1.L) 
Supercritical Water Oxidation (L) 

Aqueous Phase Alkaline (L) 
Catalyiic Dchalogenation (A) 

(Is-) 

Prolysis 0-1 

Sorption (S.1.L) 
Sonificarion (A) Lime-Fly Ash 
Cryogenics (L) Pozzolan (S,I,L) 
Supercritical C02 Extraction Pozzolanic- 

Sobent Extraction (L) 
Fractional Distillation 0.L) Thermoplastic 
Steam Stripping (A) Encapsulation 

Portland Oment  
(SS.L) 

(S,I,L) 

( S , W  

(L) 

Macroencapsulation 

Petrosa I I ~ ~ S , I , L )  
Envirostonc (S,I,L) 
Portland Cement 

( S , W  

A Auxiliary 
S. Short-term availability 
1. Intermediate-term availability 
L Long-term availability 

Treatment processes that survived the initial 
screening by possessing some potential for 
treating LLh4 wastes were grouped into three 
categories based on projected availability: short 
term, intermediate t e n ,  and long term. Several 
processes were retained not as primary processes, 
but as auxiliary unit operations to improve 
efficiency of other waste treatment processes. 
Processes retained for further consideration are 
shown in Table 5. 

The following processes have little potential 
. application for treating LLM wastes at RFP: 

advanced electric reactors, wet air oxidation, 
catalyzed wet oxidation, high-temperature wet 
oxidation, ultraviolet light/peroxide/ozone, 
electrochemical removal of metal contaminants, 
evaporation, ion exchange, reverxe osmosis, air 
stripping, and activated carbon adsorption. 

' 

During the screen process, i t  was found that the 
number of available short-term options for 
managing LLM wastes, as alternatives to the FBI, 
is limited. The three short-term options, in order 
of preference are to: 

1. Transport LLM wastes to lNEL for incinera- 
tion. Although, INEL has been granted 
interim status, a test bum using 200 gallons 
of RFP LLM wastes will be conducted to 
ascertain the efficiency of the Waste 
Experimental Reduction Facility (WERF) for 

destroying wastes. This is rcquircd before thc 
DOE will approve routinc shipments of LLM 
wastes to DEL. In addition to the time 
required for performing the test bum and 
analyzing the data, maintenance activities 
needed to install an off-gas scrubbing system 
on the WERF are planned for 1989. p e  
off-gas system is needed because solid wastes 
contain a higher level of chlorides than liquid 
wastes.) This may prevent INEL from 
accepting LLM wastes for destruction until 
1990. Until INEL begins operatiQg the 
WERF, the wastes will continue to be stored 
temporarily at RFP. ( S e e  Option 3 below.) 

2. Ship the LLM wastes to the Nevada Test Site 
(NTS) for la@ll disposal. The wastes must . 
be solidified. Solidification of wastes 
constitutes a Veament process and will 
require amending the Part B permit already 
submitted by RFP for regulatory approval. 
There is no intention of changing the permit 
until initial approval is received, which is 
expected in 1989. Approval of the permit in 
1989 will also cause the wastes to be subject 
to requirements of the Land Disposal 
Restrictions effective November 1988. These 
regulations ensure that leachates from 
solidified wastes sent to NTS for disposal do 
not exceed the specific hazardous constituent 
concentration limits listed in Table CCWE of 
40 CRI Part 268, subpart D. Wastes will 
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continue to be stored temporarily at RFP 
(Option 3 below) until the Part B permit is 
amended to account for solidification 
activities. 

. 

3. Continue storing LLM waves  at RFP. This 
will require the acquisition of new tanks 
to supplement the tanks already filled, if 
storage of oils is expected to continue for a 
significant period of time. Currently. liquid 
LLM wastes are being packaged in drums and 
stored in cargo containers sitting on 
temporary storage pads. Additional tanks 
would eliminate the need to storc the oil 
wastes in this manner, although storing solid 
wastes in drums will continue. At best, 
contained storage of LLM wastes at RFP is 
only a temporary measure. 

The FBI is an appropriate technology for 
processing burnable LLM wastcs at RFP. 
However, with the difficulties encomtercd in 
acquiring regulatory approval for operating thc 
incir.erator, it may be prudent to consider an 
alternative treatment system, especially for the 
long term. Therefore, we recommend initiating a 
detailed analysis of potential treatment systems 
incorporating many of the processes discussed 
herein. This analysis would include evaluating 
the pmposed short-term alternatives as long-term 
solutions. 

--. 
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